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In the kelp forests of Carmel Bay there are six common 
rockfishes (Sebastes). Three are pelagic (~. serranoides, 
S. mystinus, and S. melanops) and two are demersal (~. 
chrysornelas and S. carnatus). The sixth (~. atrovirens) is 
generally found a few meters above the sea floor. 
The pelagic rockfishes which are spatially overlapping 
have di fferent feeding habi ts. All rockfishes except ~. 
rnystinus utilize juvenile rockfishes as their primary food 
source during the upwelling season. Throughout the non-
upwelling season, most species consume invertebrate prey. 
The pelagic rockfishes have shorter maxillary bones and 
longer gill rakers than their derner-sal congeners, both 
specializa tions for taking smaller prey. They also have 
longer intestines, enabling them to utilize less digestable 
foods. S. mystinus, which has the longest intestine, may 
be able to use algae as a food source. 
Fat reserves are accumulated from July through October, 
when prey is most abundant. Fat is depleted throughout the 
rest of the year as food becomes scarce and development of 
sexual organs takes place. Gonad development occurs from 
November through February for all species except S. 
atrovirens. 
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INTRODUCTION 
Biologists have long been intrigued by 
differences in morphology and habit among 
closely related species, for to comprehend 
the manner and extent of such differences 
is to comprehend much of the natural con-
trol of organic diversity. 
T. W. Schoener 1974 
Charles Darwin's ability to recognize the significance 
of the differences in morphology and habit led to his theory 
of natural selection. He observed that a certain natural 
variation existed among individuals of the same species. In 
the struggle for survival, the individuals with favorable 
variations would survive. Darwin realized that competition 
for limited resources was a powerful influence on natural 
selection. In The Origin of Species, Darwin ([1859] 
1958:84) states 
We can dimly see why the competition should 
be most severe between allied forms, which fill 
nearly the same place in'the economy of nature; 
but probably in no one case could we precisely 
say why one species has been victorious over 
another in the great battle of life. 
The theoretical basis for competition was laid down by 
Lotka (1925) and Volterra (1926). Their mathematical 
equations describing competition between two species, 
although greatly oversimplified, have strongly influenced 
the development of modern ecological theory. The Lotka-
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Volterra competition equations are based on the Verhulst-
Pearl logistic equation which describes the growth of a 
single population. The simultaneous growth of two sympatric 
species is described by a pair of differential logistic 
equations. The outcome of competition depends on the 
relative values of the carrying capacity (K) and the 
competition coefficient (a) which must be determined for 
each species. (For a complete explanation, see MacArthur 
[1972] or Pianka [1978].) 
Volterra, an accomplished mathematician, worked out the 
basic theory of competition before any experiments were 
carried out. His theory directly inspired the experiments 
of Gause (1935) whose work provided laboratory evidence in 
support of the Lotka-Volterra equations. Gause worked with 
two species of protozoans, Paramecium caudatum and P. 
aurelia. When these ciliates were cultured separately with 
a fixed food supply, the growth curves for both species 
followed the typical sigmoid shape. However, when cultured 
together, P. aurelia grew at a slower rate than normal and 
P. cauda tum failed to survive. This provided laboratory 
verification of the competitive exclusion principle, also 
sometimes known as Gause's axiom, which has been paraphrased 
"Complete competi tors cannot coexist" (Hardin 1960). 
Using two species of flour beetles (Tribolium), Park 
(1948, 1954) and his coworkers also demonstrated the effect 
of environment on the outcome of competition. Conditions of 
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temperature and humidity were shown to greatly influence the 
outcome of the competition between the two beetles. T. 
castaneum usually won under hot-wet conditions, while T. 
confusum usually won under cool-dry conditions. Competition 
was not for food but for space. In some cases the outcome 
of competition was unpredictable with probabilities for 
success dependent on the environmental conditions and the 
initial number of the two species. 
Since the evolutionary forces responsible for the 
differences in morphology and habit often reported by 
ecologists have usually acted at some time in the past, the 
investigators must often rely on circumstantial evidence in 
attempting to demonstrate that competition was responsible 
for the observed differences in closely related species. 
Two classic field studies which provide experimental 
confirmation of competitive displacement have been published 
by MacArthur (1958) and Connell (1961). MacArthur illus-
trated exploitation competition for food between five sym-
patric species of congeneric warblers (Dendroica). He 
observed the amount of time spent by each species in various 
parts of trees in a coniferous forest. The results showed 
that each species occupied a specific foraging zone in the 
trees which they lived. Connell demonstrated interference 
competition between two barnacles by removing one species 
(Balanus balanoides) and observing the invasion of its area 
by the other species (Chthamalus stellatus) which was 
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smaller than Balanus and a poorer competitor for space. It 
was also found that Balanus did not invade the higher inter-
tidal zone of Chthamalus because it was more susceptible to 
dessication. These results led Connell to conclude that the 
lower limit of the distribution of intertidal organisms is 
mainly determined by the action of biotic factors such as 
competition for space or predation. The upper limit is more 
often set by physical factors. 
These early studies have laid the foundation for a 
great deal of work on the topic of resource partitioning in 
ecological communities. According to a review by Schoener 
(1974), the major purpose of resource partitioning studies 
is to analyze the limits which interspecific competition 
places on the number of species that can stably coexist. 
Most of the hypotheses generated concerning mechanisms of 
resource partitioning have been derived from studies of 
terrestrial communities. 
Inhabiting the shallow marine waters of Central 
California there exists an assemblage of sympatric congeners 
which are well-suited to test in the marine environment the 
validity of hypotheses generated by studies of terrestrial 
communities. Six rockfishes (genus Sebastes) commonly 
inhabit the kelp forests of Carmel Bay, California: the 
olive rockfish, ~. serranoides; the blue rockfish, ~. 
mystinus; the black rockfish, ~. melanops; the kelp 
rockfish, S. atrovirens; the black-and-yellow rockfish, 
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~. chrysomelas; and the gopher rockfish, S. carnatus. 
Throughout this report these fishes will be referred to 
collectively as the inshore or kelp-bed rockfishes in order 
to distinguish them from the more oceanic forms. These 
fishes are members of the most speciose genus inhabiting 
California waters. More than fifty species have been 
identified in California (Miller and Lea 1972). Most 
rockfishes are similar in morphology and habit: they are all 
slow-moving, large-mouthed predators. Subtle variations of 
this general theme must account for the great success of 
Sebastes. 
The accessibility of the kelp-bed rockfishes to SCUBA 
divers makes them excellent candidates for the study of the 
mechanisms responsible for this adaptive radiation. 
Hallacher (1977) recognized this opportunity and described 
spatial partitioning by the six kelp-bed rockfishes. This 
study was undertaken to examine the food habits of the same 
six inshore rockfishes in order to evaluate the role of prey 
selection in the regulation of competition. 
METHODS 
Specimens examined in this study were taken from Carmel 
Bay, Monterey County, California. This location was chosen 
for its high diversity of marine life and favorable oceanic 
condi tions which make .. underwa ter observations possible 
throughout the year. Collecting stations were in the 
following localities: 1) Mission Point; 2) North of San 
Jose Creek State Beach (Monastery Beach); 3) East of 
Pescadero Point (Figure 1). These stations were spaced 
along the perimeter of Carmel Bay in areas of high fish 
abundance to avoid results biased by local phenomena. All 
collecting stations were located in kelp beds dominated by 
the giant kelp Macrocystis pyrifera. The substrate in these 
areas is composed mostly of large granodiorite boulders and 
outcroppings interspersed with small areas of sand. 
The specimens used in this study were collected from 
September 1974 through August 1975 and from May through 
December 1976 (Appendix A). Time of capture was usually 
between 10:00 A.M. and 1:00 P.M. Most rockfishes were taken 
by SCUBA divers using spearfishing equipment. This method 
allows the collector to select individuals of a desired 
species and size (adults >160 rom) and accurately record the 
depth of capture. Since the food habits of most fishes 
change as they grow, this variable was minimized by 
collecting only adult specimens. A few fishes were also 
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caught with hook-and-line, but this method proved to be 
unsatisfactory because neither the species nor size of fish 
could be selected. Depth of capture ranged from 6 meters to 
24 meters. 
Following capture, the specimens were taken to the 
laboratory where standard length, maxillary length, head 
length, mouth width, and length of longest gill raker were 
measured for each fish using point dividers and a millimeter 
ruler. Dissection of the specimens was then performed to 
remove the viscera, which were fixed in 10% buffered 
formalin and stored separately. The viscera consisted of 
the stomach, intestine (with associated fat), pyloric caeca, 
gonads, and liver. After a minimum time of one week, the 
viscera were removed from formalin, washed, and stored-in 
70% ETOH. 
Exam~nation of the viscera was performed in the 
following manner. The wet weight of the entire viscera was 
taken, as well as weights of component parts: stomach, 
intestine, gonads, pyloric caeca, and liver. Fat, which is 
often associated with rockfish intestines, was dissected 
away and weighed separately. All weights were read to the 
nearest tenth of a gram using a Mettler balance. The length 
and width of the stomach, intestine, and gonads were 
measured to the nearest millimeter using dividers and a 
ruler. An incision along one side of the stomach was made 
to facilitate the removal of prey items into a finger bowl. 
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The body length, depth, and wet weight of each prey item 
were taken separately. The only exception was in the case 
of the appearance of numerous small prey items such as 
amphipods or copepods. In these instances the sizes of all 
specimens were usually similar, and the sum weight was taken 
rather than individual weights. The intestinal contents of 
many rockfishes were also examined. However, the high 
degree of digestion often made identification of prey items 
impossible. 
Prey organisms were identified to the lowest possible 
taxonomic level which condition of material permitted. 
Specimens were viewed under a dissection microscope and 
classified with the aid of Light's Manual (Smith and Carlton 
1975) and The Marine Decapod Crustacea of California 
(Schmitt 1921). 
ANALYTICAL METHODS 
For conclusions about the food habits of the six 
rockfishes to be meaningful, it is necessary to determine 
whether the prey population was adequately sampled. A 
modification of the method of Hurtubia (1973) was employed 
to calculate the minimum number of fish stomachs necessary 
to accurately estimate the species diversity of the 
available prey population. This method requires the 
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construction of a graph with the number of cumulative prey 
categories on the ordinate and the cumulative number of 
stomachs (randomly pooled) on the abscissa. When this curve 
reaches the asymptote, the prey population is judged to be 
adequately represented. This test was performed several 
times for each rockfish species during both the upwelling 
and non-upwelling seasons. 
There is no single established method for the 
measurement of the importance of prey items found in fish 
stomachs. Three measures commonly used to evaluate the 
importance of various food items in the diet are the percent 
number (%N), percent weight (or volume) (%W) and percent 
freq~ency of occurrence (%F) of each prey organism in the 
sample. These measures emphasize different aspects of 
feeding. Percent. number often indicates a predator's 
preference, but it can be unreliable when the predator 
consumes a large amount of small prey, such as copepods 
which are usually encountered in swarms. Percent weight is 
related to the nutritional value of a particular prey item 
but does not indicate how often the food is eaten. Relative 
prey weight can also be skewed by differential digestion 
rates of the various prey types. Frequency of occurrence 
measures how often a predator consumes a certain prey type, 
but it lacks information on the intensity of feeding found 
in the other methods. In order to minimize the biases of 
each prey importance measure, a modification of the Index of 
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Relative Importance (IRI) developed by Pinkas et ale (1971) 
was used. This index employs all three importance measures 
to compute a single value [IRI = (%N + %W)%F]. 
For the analysis of prey importance, prey species were 
placed into taxonomic groups. The groups were then ranked 
according to IRI and ~ts three component measures. Prey 
importance is also presented graphically following the 
trophic spectrum of Darnell (1961, 1970) as modified by 
Cailliet et ale (1979). These figures utilize %N and %W to 
create a block symbol whose size is representative of the 
importance of a particular prey category. 
Feeding data were analyzed separately for two different 
seasons: upwelling and non-upwelling. These two seasons 
correspond to the well-known oceanographic seasons off 
Central California (Skogsberg 1936; Bolin and Abbott 1962). 
In the present study, the upwelling season was considered to 
be the period from April through August. During the 
upwelling season, northwesterly winds cause surface water to 
move offshore and be replaced by cold nutrient-rich water 
from beneath. Plankton biomass and diversity is highest 
during this season. The non-upwelling season was considered 
to last from September through March. This season 
corresponds to the oceanic and Davidson oceanographic 
seasons of Skogsberg (1936) and Bolin and Abbott (1962). 
The non-upwelling season is characterized by warmer ocean 
temperatures and lower plankton volumes. 
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For the comparison of fat weight, liver weight, and 
female gonad weight, the year was divided into three 
seasons: November through February, March through June, and 
July through October. This division of the year was chosen 
because it more clearly illustrates changes in the 
physiological measurements than the two-season data grouping 
employed in the analysis of food habits. 
Morisita's Index (C l ) as modified by Horn (1966) was 
employed to compare the similarities of the diets of the six 
rockfishes between species and between seasons. 
= 
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P .. P. k ) 1 J 1 
s 
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S is the total number of food categories. Pij is the 
proportion of the sum of IRI values for fish species j which 
was composed of the ith prey category. Pik is the 
proportion of the sum of IRI values for fish species k which 
was composed of the ith prey category. The use of IRI to 
compute Cl has been suggested by Cailliet and Barry (1979) 
and was successfully employed by Ambrose (1976) to compare 
the diets of flatfishes inhabiting Elkhorn Slough, 
California. Zaret and Rand (1971) also used an index 
(proportional food value) to calculate Cl. Values for Cl 
range from 0, when the fishes being compared have no food 
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categories in common, to 1 when the fishes' diets are 
identical with repect to proportions of food categories. 
One of the shortcomings of C),. is that there is no accepted 
method for determining significance levels for the 
similarity values. Zaret and Rand (1971) have arbitrarily 
considered all values of 0.6 or greater as representing a 
significant amount of overlap. 
Measurements of maxillary length, length of intestine, 
and length of longest gill raker on the first gill arch were 
compared using an analysis of covariance (Snedecor and 
Cochran 1973). This statistical technique, which combines 
the features of analysis of variance and regression, was 
used to negate the bias introduced by including fishes of 
different sizes in the sample population. In this case, the 
analysis of covariance employs an adjusted mean calculated 
for the dependent variable (length of body part) which 
negates the bias introduced by the independent variable 
(standard length). Pair-wise comparisons of the adjusted 
means are then made utilizing a t-test to determine whether 
significant differences in the dependent variables exist. 
Seasonal differences in the weights of fat, liver, and 
female gonads of the six rockfishes were compared in order 
to determine whether feeding patterns influence these 
physiological parameters. The analytical method was as 
follows: 
1) The mean and standard error were calculated for 
each statistical population for each season. 
2) The standard error was added to and subtracted 
from the mean to yield a range of values. 
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3) Non-overlapping of the range of the standard error 
values was .taken to represent a statistically 
significant seasonal difference in the populations 
being compared. 
The significance of the relationship between fat weight 
and liver weight was determined for each species of rockfish 
by calculating the correlation coefficient (r). These 
values range from 1 (positive correlation) to -1 (inverse 
correlation). 
RESULTS 
In any study of evolutionary ecology, food 
relations appear as one of the most important 
aspects of the system of animate nature. 
G. E. Hutchinson 1959 
SEASONAL FEEDING HABITS 
Results of the determination of the minimum adequate 
sample size showed that in all cases, with the exception of 
S. serranoides during the non-upwelling season, ten 
specimens of each rockfish were sufficient to adequately 
represent the prey population for both feeding seasons 
(Figure 2). Only a small number of specimens needed to be 
sampled because prey species were grouped into broad phylo-
genetic categories. In most cases, more than the minimum 
adequate number of specimens was examined (Table 1). Since 
the rockfishes probably do not distinguish between prey 
species which are morphologically and ecologically similar, 
the large prey categories produce a more realistic picture 
of the different prey types which the fish has to choose 
from than if each prey species was treated separately. 
Broad prey categories also make it possible to classify prey 
items whose specific distinguishing characteristics have 
been lost due to partial digestion. 
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When the most important prey categories were ranked by 
the four measures of prey importance (%F, %N, %W, and IRI; 
Tables 2 and 3), there was rather close agreement among the 
four sets of values as to the importance of the various prey 
categories. The trophic spectra for the upwelling (Figure 
3) and non-upwelling (Figure 4) seasons depict seasonal 
changes in the feeding habits of the six rockfishes. 
Juvenile rockfish (25-90 mm in standard length) were 
the primary food of the kelp-bed rockfishes during the 
upwelling season, with the exception of ~~ mystinus which 
never fed on juvenile rockfish. In the non-upwelling season 
the kelp-bed rockfishes switched to invertebrate prey, 
except for ~. mystinus which fed on algae and S. carnatus 
which continued to eat juvenile rockfish. 
Table 4 illustrates the similarity of the prey consumed 
(niche overlap) by the six rockfish species as calculated by 
Morisita's Index. Food overlap values were much higher 
during the upwelling season. Highest C A values were seen 
between the demersal species S. chrysomelas and S. carnatus. 
In the non-upwelling season the diets of the six rockfishes 
showed few similarities. The food overlap values of S. 
mystinus were always very low, regardless of season. 
All of the species examined except ~. carnatus were 
more likely to have food in their stomachs during the 
upwelling season when compared to the non-upwelling season 
(Figure 5). S. carnatus had the same proportion (23%) of 
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empty stomachs regardless of season, but the others had 20% 
or fewer empty stomachs during the upwelling season and 35% 
to as much as 75% (£. atrovirens) empty stomachs in the non-
upwelling season. 
SPECIFIC DETAILS OF FEEDING HABITS 
Sebastes serranoides (Olive Rockfish) 
In situ observations revealed this species to be the 
largest and most motile of the rockfishes examined in this 
study. The largest specimen examined measured 396 mm in 
standard length; Miller and Lea (1972) report the species 
can reach a size of 610 mm total length. Hallacher (1977) 
found an average of 2.87 fish/40m2 on 47 quadrats searched 
at the Carmel River Kelp Bed and the Point Lobos State 
Reserve, making ~. serranoides the second most abundant 
rockfish in Carmel Bay. The speed and mobility of S. 
serranoides is attested to by the comparatively small number 
which were caught by collectors during the course of this 
investigation relative to the numbers known to be present. 
The olive rockfish was generally found swimming in the water 
column among giant kelp stipes (Macrocystis) often in 
association with large aggregations of ~. mystinus. Burge 
and Schultz (1973) also observed this association. On 
occasion individuals of S. serranoides were seen patrolling 
the periphery of £. mystinus schools. 
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During the upwelling season the food of the olive 
rockfish was mainly euphausids, commonly known as krill, 
which ranked first in prey importance by all four measures 
(Table 2). One specimen of ~. serranoides found feeding on 
euphausids ate 64 individuals with a combined total weight 
of 14.7 g. Euphausia,pacifica and Thysanoessa spinifera 
were the two most common species of euphausids found in the 
stomachs of S. serranoides. Individuals found to have been 
eating krill generally had no other prey species in their 
stomachs. 
Juvenile rockfish were the second most important food 
of ~. serranoides during the upwelling season, by all four 
measures of prey importance. 
During the non-upwelling season the primary food of S. 
serranoides became the valviferan isopod Idotea resecata 
(Table 3). Idotea is commonly found attached to blades of 
giant kelp. The olive rockfish must therefore pick Idotea 
from the kelp fronds. This is in contrast to its upwelling 
season feeding behavior of capturing pelagic prey 
(euphausids and rockfish) from the open water. 
Sebastes mystinus (Blue Rockfish) 
~. mystinus was the most abundant rockfish in the 
Carmel Bay kelp beds by a large margin. Hallacher (1977) 
has estimated that there were 37 individuals/40m2 • Although 
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solitary individuals were present in the kelp forest, most 
blue rockfish could be found in large aggregations 
comprising several hundred individuals. These nonpolarized 
schools (Shaw 1978) were usually found in mid-water, 
stationed about the kelp stipes and were not uniformly 
spaced. When startled, these fish dispersed and regrouped 
at a distance rather than coming quickly together as most 
schooling fishes do. 
In addition to being the most abundant adult rockfish 
in the kelp beds, ~. mystinus also comprised the majority of 
the juvenile rockfish population (Hallacher 1977; Miller and 
Geibel 1973; Burge and Schultz 1973). Juvenile blue 
rockfish also occurred most often in large aggregations but 
did not mingle with the adults. These aggregations were 
found throughout the water column. The abundance of 
juvenile rockfish was seasonal, with the largest numbers of 
juveniles found during the summer months (Figure 6). Miller 
and Geibel (1973) estimated a density of over 18,000 
juveniles/acre on transects searched from May through 
December 1969 and 1970. 
The most important food of adult ~. mystinus during the 
upwelling season was pelagic tunicates, dominated by the 
thaliacean Doliolum. This barrel-shaped tunicate is common 
in the open ocean and is probably swept into Carmel Bay by 
currents. The tunicate diet also consisted of larvaceans 
and salps. Even though copepods were found in only 10% of 
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the blue rockfishes examined during the upwelling season, 
they ranked second in importance (IRI) by virtue of the 
large numbers of individuals which were present in single 
feedings. Two hundred calanoid copepods, primarily Calanus 
pacifica and Rhincalanus nasutus, were found in the stomach 
of one blue rockfish .. 
During the non-upwelling season, the diet of ~. 
mystinus was composed mainly of algae. Other foods of the 
'I 
non-upwelling season,copepods, euphausids, tunicates, 
chaetognaths (Sagitta), and larval fishes (myctophids and 
anchovies), came from the water column. 
Sebastes melanops (Black Rockfish) 
~. melanops is the third species which was commonly 
found in the water column. Individuals were usually 
solitary but could also be found associated with ~. mystinus 
aggregations. In the Carmel Bay kelp beds, ~. melanops was 
more commonly found in water which is 16.5 m or less in 
depth (Hallacher 1977). The black rockfish was the second 
scarcest of the rockfishes examined in this study. 
Juvenile rockfish were the most important food of the 
black rockfish during the upwelling season, by %F, %W, and 
IRI (Table 2). The balance of the prey found in S. melanops 
stomachs, such as euphausids, amphipods, and megalopae, were 
also pelagic. However, the periodic occurrence of Octopus 
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in black rockfish stomachs suggests that this fish sometimes 
fed on or near the bottom. 
During the non-upwelling season, polychaetes became the 
predominant food of ~. melanops (Table 3). These annelids 
often occurred as one large mass in the stomach of the 
specimen, making them ,difficult to identify. Crab megalopae 
ranked second in importance by %F, %N, and IRI. These 
larval crabs constituted a mixture of species, predominantly 
members of the family Majidae, mainly the species Pugettia 
producta whose adults were commonly found clinging to 
Macrocystis fronds in the kelp forest. Larval Cancer crabs 
were also found in the stomachs of S. melanops. 
Sebastes atrovirens (Kelp Rockfish) 
The kelp rockfish could be found throughout the water 
column, but it was usually seen hovering a few meters above 
the sea floor. The color of S. atrovirens ranges from tan 
to black-green, often matching the giant kelp stipes near 
which it is generally stationed, displaying a variety of 
unusual head-up or head-down postures. The behavior of S. 
atrovirens could be described as a poor mimic of a kelp 
plant. When approached by a diver, the kelp rockfish is 
seldom startled, making it an easy target for spear-
fishermen. 
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Much of the food taken by ~. atrovirens during the 
upwelling season was from open water: juvenile rockfish were 
the most important prey by %Wand IRI. However, gammarid 
amphipods were ranked first by %N and %F. Other prey taken 
during the upwelling season included crab megalopae, small 
carideans, and sphaeromatid isopods. 
Gammarids were an even more important food for S. 
atrovirens in the non-upwelling season. These amphipods 
were shown to be most important by %N, %F, and IRI. The 
stomach of S. atrovirens typically contained large numbers 
of small crustaceans such as gammarid and caprellid 
amphipods, crab megalopae, copepods, euphausids, and mysid 
shrimp. Larger food items which occasionally occurred 
included polychaetes, Octopus, fish larvae, Cancer crabs, 
and the Macrocystis epizoans Idotea resecata and Pugettia 
producta. Seventeen Idotea were found packed into the 
stomach of one specimen of S. atrovirens. 
Sebastes chrysomelas (Black-and-Yellow Rockfish) 
~. chrysomelas was seldom seen far from the sea floor. 
It was usually found under rock ledges or wedged into 
cracks, supported by its large pectoral fins. The black-
and-yellow rockfish occupies shallow waters in Central 
California, occurring most commonly above 16 m in Carmel Bay 
(Hallacher 1977). This depth varies from one locality to 
the next (Larson 1977). ~. chrysomelas was strongly 
attached to a home territory which it maintained by 
aggressive interaction with other fishes (Hallacher 1977; 
Larson 1977). 
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All of the major prey items taken by the black-and-
yellow rockfish could be found associated with the bottom. 
During the upwelling season, juvenile rockfish and 
brachyuran decapods were ranked first and second 
respectively by all four measures of prey importance (Table 
2). Common brachyuran species were Scyra acutifrons, 
Cancer, Hemigrapsus, Pugettia, and Mimulus foliatus. 
Anomurans such as Pagurus, Petrolisthes, and Hapalogaster 
occurred with regularity (%F = 15). Both Octopus and 
chitons were observed in 11% of the black-and-yellow 
rockfishes examined during the upwelling ~eason. 
Brachyurans became the most important prey of S. 
chrysomelas during the non-upwelling season (Table 3). 
Carideans, which were seldom seen in ~. chrysomelas stomachs 
throughout the upwelling season, were second in importance 
in the diet during the non-upwelling season. Genera 
commonly observed included Beatus, Alpheus, Heptacarpus, 
Spirontocaris, and Crangon. Octopus was almost equally 
abundant year round. 
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Sebastes carnatus (Gopher Rockfish) 
S. carnatus is meristically and morphologically 
identical to its sibling ~. chrysomelas. The two fishes can 
be distinguished from one another solely by color. The 
general behavior of the S. carnatus and ~. chrysomelas was 
also similar. Both fishes were solitary, territorial, 
aggressive, and live near the ocean bottom. The 
distinguishing behavior was that ~. carnatus can usually be 
found in deeper water than ~. chrysomelas (Hallacher 1977; 
Larson 1977). The food habits of the two sibling rockfishes 
are also distinctive. 
The gopher rockfish was the only fish examined in this 
study which did not show distinctive seasonal variation in 
its food habits. Juvenile rockfish maintained their status 
as the most important food item during both the upwelling 
and non-upwelling seasons, although more juvenile rockfish 
were found in ~. carnatus stomachs during upwelling. 
Ophiuroids were the second most important food throughout 
the year. The most commonly found species were Ophiopteris 
papillosa and Ophothrix spiculata, which were usually found 
on hard substrates in rock crevices or kelp holdfasts. 
These brittle stars were generally hidden during the day and 
become much more active at night. Like~. chrysomelas, the 
gopher rockfish regularly -fed on brachyurans and carideans. 
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MORPHOLOGICAL ADAPTATIONS FOR FEEDING 
Three meristic characters relevant to feeding were 
examined in order to determine whether any of the six 
rockfishes possessed unique physical adaptations for eating 
certain kinds of foods. 
Maxillary Length 
The length of the maxillary bone (including premaxilla) 
was recorded for 341 specimens in order to determine whether 
there was a significant difference in the mouth sizes of any 
of the six rockfishes. A linear relationship between 
standard length and maxillarY'length seems quite consistent 
between species, with the exception of ~. mystinus which has 
a notably smaller maxillary (Figure 7). This observation is 
verified by a statistical examination of the adjusted means 
(Table 5). The mean adjusted mouth size of ~. mystinus was 
significantly smaller than all others (p<.OOl). The three 
rockfishes which most commonly occupy the water column, S. 
mystinus, ~. serranoides, and ~. melanops, had smaller 
mouths than their demersal congeners. S. carnatus and S. 
chrysomelas had the longest maxillaries (40.2 mm and 
39.8 mm; the difference is not significant). S. atrovirens, 
which occupies a bathymetric zone betwe€n the open water and 
demersal rockfishes, had a mouth of intermediate size. 
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Length of Gill Rakers 
The pelagic rockfish ~. melanops was found to have the 
longest gill rakers (11.22 mm); it is followed by S. 
mystinus (10.39 mm), ~. serranoides (9.97 mm), S. atrovirens 
(9.42 rom), ~. carnatus (7.08 mm), and ~. chrysomelas 
(6.51 rom) (Figure 5). A t-test of the adjusted mean gill 
raker lengths has revealed that the gill rakers of S. 
melanops were significantly longer than any of the others 
(p<.05). The lengths of the gill rakers of the other three 
pelagic rockfi shes (~. mystinus, ~. serranoides, and £.. 
atrovirens) were not significantly different from one 
another. ~. carnatus and S. chrysomelas had shorter rakers 
than the other four rockfishes (p<.OOl); however, they did 
not differ significantly from each other (.1<p<.2). 
Length of Intestine 
A comparison of the adjusted mean lengths of the 
intestines of the six rockfishes revealed a rank order 
nearly the same as gill raker length and opposite that of 
maxillary length (Table 5). £.. mystinus had by far the 
longest intestine (271 mm) which is significantly longer 
(p<.OOl) than S. melanops, the fish with the second longest 
·in testine. 
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The third pelagic rockfish, ~. serranoides, had an 
intestinal length which was similar to that of ~. melanops. 
The two demersal fishes with the largest mouths and shortest 
gill rakers, ~. chrysomelas and ~. carnatus, were found to 
have the shortest intestines (173 mm and 155 mm, 
respectively). No statistically significant difference 
between the two was found (.05<p<.1). The intestine length 
of ~. atrovirens was 185 mm, intermediate between the 
pelagic and benthic rockfishes. 
PHYSIOLOGICAL PARAMETERS: LIVER, FAT DEPOSITION, GONADS 
Seasonal changes in the physiological parameters were 
not inf~uenced by size differences among the rockfishes 
because there were no significant seasonal differences in 
the fish sizes (Figure 8). 
A comparison of the wet weight of the fat associated 
with the intestine has shown the occurrence of seasonal 
fluctuations in the amount of fat (Figure 9). Fat reserves 
were usually low from March through June. Peak fat weights 
occurred from November through February for ~. serranoides, 
S. melanops, and S. atrovirens. ~. mystinus, ~. carnatus, 
and S. chrysomelas were found to have· the greatest amount of' 
fat from July through October. Mean fat weights ranged from 
0.28 g for ~. mystinus, recorded from November through 
February, to 9.3 g, for S. carnatus, recorded from July 
through October. 
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Because many fishes are known to store fat in the 
liver, liver weights were taken and compared with fat 
weights (Figure 10). As for fat weights, liver weights were 
usually low from March through June. All rockfishes except 
~. melanops recorded peak liver weights from July through 
October. There was a significant correlation between fat 
weight and liver weight for each rockfish (Table 6). 
Female gonads were heaviest during the non-upwelling 
season in all species except for ~. atrovirens (Figure 11). 
No females with eggs were observed in any of the 42 
specimens of s. melanops. The ovaries of the pelagic 
rockfishes, s. serranoides and ~. mystinus,became larger 
earlier in the oceanic season than the other rockfishes. 
DISCUSSION 
Abundance of a potential food species often 
determines whether it will be eaten by fishes, 
for indeed availability is a key factor in de-
termining what a fish will eat. 
Lagler et ale 1962 
Although. availability is probably the primary factor in 
determining what a rockfish will eat, certain prey seem to 
be selected over others especially during the non-upwelling 
season when the most preferred food, juvenile rOCkfish, is 
not available. This discussion will examine four dimensions 
of availabil~ty and assess how each plays a role in 
determining the food of the kelp-bed rockfishes. 
SPATIAL AVAILABILITY OF PREY 
A cursory investigation of a Carmel Bay kelp bed might 
lead one to believe that all of the rockfishes live together 
in the same location and therefore all species have the same 
available food supply. However, this is not the case. 
Hallacher (1977) has conducted a rigorous study of space 
partitioning by kelp-bed rockfishes and has concluded that 
most of these fishes maintain a distinct bathymetric 
separation (Figure 12). Prey are therefore not equally 
available to all rockfishes. Examination of the feeding 
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data reveals that the pelagic rockfishes eat many small 
free-living crustaceans and tunicates which abound in the 
water column, while the demersal rockfishes avail themselves 
of the crabs, shrimps, and ophiuroids which are often found 
in cracks between rocks on the ocean bottom. Hallacher has 
shown that bathymetric spacing is the primary niche 
dimension which is being partitioned by the kelp-bed 
rockfishes. Each rockfish, with the exception of ~. 
mystinus, occupies an exclusive bathymetric zone which only 
slightly overlaps with the others. Spatial overlap occurs 
between ~. mystinus and ~. melanops in shallow water 
«16.5 m) and between ~. mystinus and S. serranoides in 
deeper water (>16.5 m). 
Partitioning of the food resource allows these three 
species to establish ecological separation. During the non-
upwelling season, S. serranoides eats mostly isopods and S. 
melanops consumes a variety of foods dominated by 
polychaetes, while ~. mystinus feeds on algae. Throughout 
the upwelling season, most rockfishes, including ~. 
serranoides and ~. melanops, feed on juvenile rockfish, 
while S. mystinus eats pelagic tunicates. 
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SEASONAL AVAILABILITY OF PREY 
Differences in the feeding habits of the rockfishes 
could be caused by seasonal changes in the availability of 
prey. Although no estimate of prey availability was made in 
this investigation, ~stimates of the abundance of juvenile 
rockfishes, which are the most important prey of five of the 
six species of kelp-bed rockfishes, have been made by 
biologists of the California Department of Fish" and Game 
(Miller and Geibel 1973). Their results show a peak in 
abundance of juvenile rockfish during the upwelling season. 
This peak corresponds to the peak abundance of juveniles 
found in the stomachs of adults of the five species of 
rockfish that ate juveniles (Figure 6). During this time, 
when juvenile rockfish are abundant throughout all 
bathymetric zones, they are the preferred food of adult 
rockfishes except ~. mystinus. This common feeding on 
juveniles is largely responsible for the high food overlap 
values (C)) calculated for the upwelling season (Table 4). 
Other food items, such as euphausids and amphipods, are 
common to the diets of the rockfishes to a lesser extent. 
During the non-upwelling season, few juvenile 
rockfishes are found in fish stomachs or on underwater 
transects (Figure 6). Continued growth of the juveniles 
contributes to reduced availability to predators as the 
juveniles gain a refuge in size. Food overlap is greatly 
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reduced in the non-upwelling season as the different 
rockfish species have few prey items in common. Since 
juvenile rockfishes are significantly more important than 
all other prey species and the proportion of empty stomachs 
increases when the number of juveniles declines, the 
availability of juvenile rockfishes provides a good estimate 
of the total food availability. 
Examination of the feeding habits of the kelp-bed 
rockfishes can contribute to our knowledge of rockfish life 
histories, which are not well known. Spawning occurs early 
in the calendar year. Young of the year are abundant in 
kelp beds throughout the upwelling season but virtually 
disappear from these areas as they are disrupted by the 
onset of winter storms. S. carnatus is the only rockfish 
which does not make seasonal changes in its feeding habits 
and continues to consume juvenile rockfish throughout the 
non-upwelling season. The continued abundance of juveniles 
in ~. carnatus stomachs during the non-upwelling season 
strongly suggests that the juveniles move into deeper water 
at this time. S. carnatus occupies the deepest bathymetric 
zone of all the kelp-bed rockfishes and can usually be found 
deeper than 16.5 m (Hallacher 1977). Miller and Geibel 
(1973) observed that juvenile rockfish moved to the bottom 
in areas where the kelp canopy was removed by cutting. This 
situation is probably analogous to the depletion of kelp 
beds by winter storms. 
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DIEL AVAILABILITY OF PREY 
Competition between predatory fishes can be reduced if 
they are active at different times over a 24-hour period. 
Since different prey organisms are active at night, a 
nocturnal feeder can forage in the same physical space as a 
diurnal predator and take advantage of different foods. On 
coral reefs where the number of fish species is much greater 
than in Central California and competition for food is 
intense, a pronounced faunal changeover occurs at night 
(Smith and Tyler 1972). Near Santa Barbara, California, 
diel changes in the activity patterns of kelp-bed fishes 
have also been observed (Ebeling and Bray 1976). Analysis 
of the food habits of Carmel Bay rockfishes suggests that 
, 
some feed during the day while others probably feed at 
night. This diel changeover is certainly not as structured 
as it is on coral reefs. 
Personal observations suggest that S. mystinus leaves 
the water column at dusk and is not active at night. The 
food of the blue rockfish, which consists mostly of algae, 
hydroids, and tunicates, could be taken more easily during 
the day. 
With the exception of juvenile rockfish, the primary 
food items of all of the other kelp-bed rockfishes are more 
common at night. The consistent predation on euphausids by 
S. serranoides strongly suggests that this rockfish feeds at 
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night. Smith and Carlton (1975) state that euphausids are 
known to be absent from the water column during the day and 
they perform diurnal vertical migrations, rising from the 
depths into shallow waters at night. Hobson and Chess 
(1976) observed juvenile olive rockfish feeding at night as 
they hovered above the sea floor. They also found that 
stomachs of S. atrovirens were much more likely to be empty 
during the day than at night. This suggests that the kelp 
rockfish is predominantly a nocturnal feeder. P"lankton tows 
by Hobson and Chess revealed that many small arthropods such 
as caprellid and gammaridean amphipods, sphaeromatid 
isopods, brachyuran megalopae, and euphausids, are nearly 
absent from open water during the day but enter the water 
column at night. Williams and Bynum (1972) have found that 
many benthic amphipods which inhabit North Carolina 
estuaries can be found at the surface at night. The 
presence of many diurnal vertical migrators in the stomachs 
of the Carmel Bay rockfishes suggests that the fishes are 
feeding at night. 
The available data indicate that the preferred feeding 
time of the kelp-bed rockfishes switches seasonally. During 
the upwelling season when juvenile rockfishes are most 
abundant in the water column during the day and are probably 
secluded on the bottom at night, most of the rockfish are 
likely to be diurnal feeders. As the non-upwelling season 
approaches, competition for food increases, forcing more 
· . 
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rockfishes to feed at night or during the crepuscular 
periods. Since no direct observations have been made, this 
hypothesis remains to be proven. 
MORPHOLOGICAL ADAPTATIONS FOR FEEDING 
Selective pressure has manifested itself in the form of 
morphological and physiological variations among the inshore 
rockfishes. These variations dictate the foods which can 
and cannot be consumed. 
Maxillary Length 
Prey can be selected for or excluded from the diet by 
mouth size. Fishes which eat many small prey items have 
small mouths which are often adapted for sucking. Large 
predators like the kelp bed rockfishes have gaping mouths 
with many teeth, designed to hold prey and prevent their 
escape. Prey size is generally found to increase with 
predator size (Emlen 1973). 
Fish mouths are soft, extensible structures and it is 
often difficult to determine what dimensions are the 
important ones to measure. Yasuda (1960a;b, cited by 
Cailliet 1976) reasoned that the width of the gape 
determines the ability of the fish to trap its prey while 
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the jaw length determines the size of prey. In the present 
study the length of the maxillary was taken to be indicative 
of prey size. 
The maxillary lengths of many kelp-bed rockfishes were 
found to be significantly different from one another. These 
differences represent. adaptations for feeding on the prey 
species taken during the non-upwelling season. The demersal 
species, ~. carnatus and S. chrysomelas, have significantly 
longer maxillaries than the others and generally feed on 
larger food items such as crabs (Mimulus and Scyra) and 
shrimp (Spirontocaris and Heptacarpus). Conversely, the 
pelagic rockfishes have shorter maxillaries and specialize 
on smaller prey. With the exception of ~. mystinus, the 
mouths of all of the kelp-bed rockfishes are large enough to 
accommodate the preferred food of the upwelling season, 
juvenile rockfish. Although juvenile fishes such as 
anchovies and flatfish were found in ~. mystinus stomachs, 
not a single rockfish was found in any of the 56 specimens 
examined. The small mouth size of ~. mystinus (mean 
adjusted maxillary length = 30.7 mm) probably makes it 
difficult for this fish to capture juvenile rockfish. 
However, a second explanation may exist. Since a great 
majority of the juvenile rockfish found in the Carmel Bay 
kelp beds are ~. mystinus, it is possible that the adult 
blue rockfish, even though they may sometimes take fish, are 
avoiding consumption of their own young. This hypothesis is 
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substantiated by the finding that a specimen of S. carnatus 
168 mm in length which had a maxillary only 26 mrn long was 
found to have eaten a juvenile rockfish 45 rnm long and 10 mrn 
deep. 
Length of Gill Rakers 
The gill rakers located on the gill arch function to 
protect the gill filaments from abrasion by ingested 
materials, and in some fishes they are also used to strain 
plankton from the water, thus facilitating feeding. The 
length of the longest gill raker and the number of rakers on 
the first arch provides an indication of the size of food 
which is most commonly eaten by the rockfishes. Fishes with 
long gill rakers would be expected to feed on smaller food 
and vice versa. 
The findings of the analysis of gill raker length 
compares favorably to the results of the investigation of 
mouth size, namely, the pelagic species with the smallest 
mouths were found to have the longest gill rakers, while the 
demersal species have the shortest gill rakers. 
The spacing of gill rakers can also affect their 
efficiency as food filters. S. chrysomelas and S. carnatus 
have been found to possess fewer gill rakers than the other 
rockfishes examined in this study (Miller and Lea 1972). 
Love and Ebeling (1978) measured the space between gill 
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rakers and found that ~. mystinus has a smaller interraker 
width than S. serranoides or the kelp bass Paralabrax 
clathratus. 
Length of Intestine 
The length of a fish's intestine provides information 
on both the size and type of food which the fish is adapted 
for taking. Darnell (1970) found that fishes with long guts 
tend to eat smaller food items. The intestine is shorter in 
carnivores because animal foods are more easily digested 
than vegetable ones (Lagler et ale 1962). The pelagic 
rockfishes have longer intestines than the demersal ones. 
~. mystinus has an intestine length which strongly suggests 
herbivory, a rare habit for a rockfish. Odum (1970) found 
that a gut length approximating the length of the fish is 
indicative of omnivorous feeding. The ratio of intestine 
length to standard length for 55 ~. mystinus specimens is 
1.06. This ratio is less than one for the other inshore 
rockfishes. Love and Ebeling (1978) have also examined the 
length of ~. mystinus intestines (ratio of intestine 
length/standard length = 1.41, n=15). They report that the 
blue rockfish has a significantly longer intestine than the 
olive rockfish or kelp bass. 
-38-
PHYSIOLOGICAL EFFECTS OF SEASONAL FEEDING PATTERNS 
In many fishes, seasonal feeding habits are physio-
logically manifested. Fat reserves are stored during the 
time when food is abundant to sustain the fish through the 
leaner months (Phillips 1969; Bailey 1952). If this is true 
for the inshore rockfishes, peak fat accumulation should 
occur near the end of the upwelling season. Most species 
exhibit this tendency. Fat deposits and liver weights are 
high during the end of the upwelling season from July 
through October, when food is most abundant. The fact that 
fluctuations in fat and liver weight do occur corroborates 
the findings of the food habit studies that the feeding rate 
is not constant throughout the year. The annual mean fat 
'weight of S. mystintis is lower than all of the other 
rockfishes. This may be due to the possibility that the 
blue rockfish can utilize algae as a food source. Since 
algae is available the year round, there is no need to store 
fat reserves. In the non-upwelling season fewer blue 
rockfishes were found with empty stomachs than any other 
inshore rockfish, with the exception of s. carnatus. During 
this time 25% of the blue rockfish consumed algae. 
Rapid maturing of the sexual organs causes severe 
depletion of stored fat during the breeding season in many 
fishes (Bailey 1952). This has been shown to be true for 
the inshore rockfishes. Most species of inshore rockfishes 
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undergo sexual development (as judged by increasing gonad 
weights) during the non-upwelling season, when fat reserves 
are highest. The use of stored fat allows the rockfishes to 
develop during a time when food is less abundant so that 
larvae can be spawned during the upwelling season when their 
chances of obtaining enough food to survive will be 
greatest. 
The gonads of S. atrovirens develop later than the 
other rockfishes. This strategy may reduce competition for 
food between juveniles of ~. atrovirens and the other 
inshore rockfishes because the ~. atrovirens juveniles will 
be smaller than the others and eating food of a different 
size. Some of the highly aggressive cichlid fishes of 
Central America breed at different times of the year to 
minimize competition (McKaye 1975). 
No gravid specimens of ~. melanops were found, 
suggesting the possibility that the biack rockfish does not 
breed in kelp beds. 
CONCLUSIONS 
The feeding habits of all the fishes examined in this 
study have preyiously been described by other authors (Table 
7). This investigation of feeding habits is the first one 
to treat the six species as a natural assemblage in order to 
determine the ecological principles under which the 
assemblage is operating. This knowledge can contribute to 
prudent management of the resource. Results of this study 
suggest that ecological principles derived from research on 
terrestrial systems hold true in marine communities. 
Such a principle is the competitive exclusion principle 
which can be paraphrased "Complete competitors cannot co-
exist" (Hardin 1960). Hallacher (1977) and Larson (1977) 
have shown that ~. chrysomelas and ~. carnatus protect 
feeding territories from other fishes. This behavior 
suggests that food is a resource in short supply. The 
intensity of competition for food would be expected to be 
inversely proportional to the supply. The food supply is 
probably lowest during the non-upwelling season since a 
higher proportion of rockfishes were found to have empty 
stomachs during this time. The exclusion principle predicts 
that as competition increases (food abundance decreases), 
food overlap will decrease. This is precisely what happens 
in the case of the inshore rockfishes. Food overlap 
decreases during the non-upwelling season when food is 
-40-
-41-
scarce. Therefore, competition may be responsible for 
causing the nearshore rockfishes to select different foods 
from one another during the non-upwelling season. Since 
prey availability was not directly measured, it is also 
possible that seasonal changes in the abundance of prey 
organisms also influence prey selection. 
The finding that the rockfishes consume fewer common 
food items when prey abundance is low confirms the work of 
Zaret and Rand (1971) who drew. the same conclusion working 
with tropical freshwater fishes. The fishes can minimize 
competition for a limiting resource by feeding on different 
prey. The hypothesis that food is a limiting resource in 
California rockfish communities has been substantiated by 
Hallacher (1977) and Larson (1977). They have described the 
use of aggressive behavior by S. carnatus and ~. chrysomelas 
to defend territories. These territories were shown to be 
feeding territories by Larson, who observed that the 
territories became larger in deeper water where the 
preferred food was less abundant. 
Another ecological generalization supported by this 
research is the finding that habitat partitioning is 
important more often than food-type partitioning (Schoener 
1974). In a review of the findings of 81 separate studies 
on resource partitioning in ecological communities, Schoener 
concluded that habitat dimensions are important more often 
than food-type dimensions. In 55% of the groups reviewed, 
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the most important resource dimension was habitat. However, 
in 40% of the studies, food was the most important resource 
dimension. 
Hallacher (1977) showed that five of the kelp-bed 
rockfishes occupy distinct spatial zones. Space is 
therefore the most important resource dimension. Spatial 
overlap occurs between'S. mystinus and ~. melanops in 
shallow water and between ~. mystinus and S. serranoides in 
deeper water. Food overlap is very low throughout the year 
among these fishes which exhibit spatial overlap. There is 
extensive food overlap among the spatially separated 
rockfishes during the upwelling season. 
The uniqueness of the blue rockfish makes it the most 
important of the inshore species. Often found in schools 
containing hundreds of individuals, ~. mystinus is more than 
twelve times as numerous as any other rockfish in the kelp 
forest. This success can be attributed to its unique 
adaptations for feeding. S. mystinus possesses a 
significantly longer intestine, smaller mouth, and longer 
gill rakers than any of the other nearshore rockfishes. 
Together these morphological adaptations facilitate the 
( 
consumption of algae and plankton. While other authors have 
observed large quantities of algae in~. mystinus stomachs 
(Gotshall et ale 1965; Love and Ebeling 1978), they have 
been reluctant to acknowledge the blue rockfish as an 
herbivore. They choose instead to depict algae as a carrier 
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of epizoic prey such as amphipods and bryozoans. Even if 
the blue rockfish itself cannot digest cellulose, it is 
possible that symbionts (bacteria and protozoa) can inhabit 
the intestine and perform this function. Cellulase-
producing microorganisms have been found in the intestine of 
some estuarine fishes" (Stickney and Shumway 1974). Since 
the caloric value of algae is half that of animal flesh 
(Lagler et al. 1962), it is probably the least preferred 
food of ~. mystfnus, being taken only during the non-
upwelling season when more desirable foods are scarce. 
There are four good pieces of evidence which taken 
together suggest that S. mystinus uses algae as a major food 
source: 
1. ~. mystinus is much more abundant than the other 
inshore rockfishes. Since herbivores occupy a" 
lower trophic level than carnivores, they are 
usually more abundant. 
2. All investigators have listed algae as one of the 
most important food items of the blue rockfish. 
3. The intestine of S. mystinus is significantly 
longer than any other kelp-bed rockfish. It is 
well known that the intestine is often elongated 
in herbivorous fishes (Lagler et al. 1962; Odum 
1970) . 
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4. The villi lining the stomach and intestine, which 
increase the surface area of the digestive tract, 
appear to be larger and more numerous in the blue 
rockfish. 
Hairston et ale (1960) predict that populations of 
herbivores will be predator-limited while carnivores will be 
food limited. This is likely to be the case with the 
inshore rockfishes. Since S. mystinus is not food-limited, 
its numbers are probably limi'ted by predation. On the other 
hand, maintenance of feeding territories by carnivorous 
kelp-bed rockfishes suggests that the population size is 
limited by the amount of available food. 
The importance of juvenile ~. mystinus in the diet of 
the kelp-bed rockfishes has already been shown. However, 
adult Sebastes are not the only fishes to utilize the 
juvenile rockfish as a food source. Other large carnivorous 
fishes such as lingcod (Ophiodon elongatus), cabezon 
. (Scorpaenichthys marmoratus), and wolf-eel (Anarrhichthys 
ocellatus) have been observed feeding on juvenile rockfishes 
(Hallacher 1977). The juvenile rockfishes function as 
plankton concentrators, foraging on foods too small for 
larger fishes to capture and converting the plankton to a 
form which is readily taken by kelp-bed fishes. 
S. mystinus is not only an important forage fish, but 
it is also one of the most important ocean sportfishes 
(Miller and Gotshall 1965). For this reason, it is 
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extremely important to manage the fishery wisely. Tagging 
studies have revealed that the blue rockfish seldom moves 
very far from its home reef (Miller and Geibel 1973). Since 
outside recruitment might therefore be expected to be low, 
it would be easy for local populations to become depleted. 
Catch statistics confirm that depletion has already occurred 
in some areas of California. Sportfishing surveys have 
shown that from the late 1950s through the 1960s both the 
mean size and the mean number of adult blue rockfish caught 
per hour have declined (Miller-and Geibel 1973). Should 
over-fishing deplete the number of adult blue rockfish to 
, 
the point where juveniles are no longer available to the 
kelp-bed piscivores, a change in the species composition and 
number of inshore fishes will probably take place. Fishes 
which can successfully procure alternate foods will become 
dominant over those which cannot. 
Since large populations of blue rockfish are likely to 
be important to the stability of the inshore fish community, 
the abundance of juveniles should be closely monitored in 
order to accurately estimate the strength of incoming year 
classes. Fishery biologists often calculate the size of 
recruitment populations by back extrapolating from data 
collected on specimens taken by the fishery. This study has 
demonstrated that the recruitment year class can be 
accurately estimated by using data gained by examination of 
fish stomachs. Figure 6 shows that the number of fishes 
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found in fish stomachs is correlated with the number of fish 
counted by divers working in the kelp forest (r=.82). 
Powles (1965), Gotshall (1967), and Reilly and Saila 
(1978) have successfully employed predacious fishes as 
biological samplers to estimate the abundance of prey 
organisms. Such a pr,ogram to estimate the yearly abundance 
of ~. mystinus juveniles could be carried out by seasonal 
employees taking specimens from sportfishing vessels which 
fish in the kelp beds. This would eliminate the necessity 
for biologists to run costly and time-consuming underwater 
transects. Such food habit studies could be implemented by 
resource managers as cost-effective and accurate management 
tools. 
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TABLE 1 
Prey categories used in the analysis of food habits. The utilization 
of each prey type is shown for each of the six rockfishes during both 
the upwelling and non-upwelling (shown in parentheses) seasons. 
-
Juv. roc\(fi sh 30 (1) 40 (1 ) 51 (3) 25 (1) 65 (10) 
Fish species (1 ) (1) 4 (7) (2) (1 ) 
Fish larvae 3 2 (4) (250) (150) 
Fish scales (33) 2 (5) 
Tunicates 6 14 1 
Ophiuroids 2 (2) 20 (17) 
Octopus 4 3 3 (1) 3 (3) 
Squid 16 4 (1) 
Gastropods (1) 3 1 ~i~ Chitons 3 (1) 
Ananurans 4 
Brachyurans 2 (3) 9 (19) 11 (6) 
Carideans 2 (4) 1 (3) 29 (33) 3 (10) 4 (11) 
Megalopae 4 1 (18) 57 (~~ Euphausids 425 25 70 "(1) 10 1 1 (1) 
Unident. Crust. 5 5 5 ~~~ 11 ~~~ 1 (2) 3 Caprellids 26 1 1 
Gammarids 7 12 (3) 233 (314) 
Isopods 2 (29) 1 (4) 3 (1 ) 15 (68) 1 (1) 1 (1) 
Cumaceans 10 
Mys ids 12 
Copepods 290 (27) 
Po lychaetes 1 (1 ) (27) 4 (10) 1 (1) 2 
Hydroids 8 2 
Al gae 4 (8J 2 (1) 2 (1) 
Total No. Prey 502 (31) 404 (87) 133 (64) 427 (730) 61 (64) 108 (201) 
Total No. Fish 23 (8) 31 (23) 21 (23) 70 (35) 27 (35) 56 (35) 
Total No. 
(4) Empty Stomach5 2 6 (8) 4 (12) 11 (26) 4 (15) 14 (9) 
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TABLE 2 
Most important prey categori es of the six rock fi shes duri ng the 
upwelli ng season, ranked by percent weight, percent frequency of 
occurrence, percent number, and index of relative importance. 
PREY %W PREY %F PREY %N PREY IRI 
S. serranoi des 
Euphausids 30 Euphausids 50 Euphausids 86 Euphausids 5845 
Rockfish 27 Rockfish 27 Rockfish 6 Rockfi sh 898 
Pelagic 21 Squid 22 Squid 3 Pelagic 413 Tunicates Tun icates 
S. mysti nus 
Pelagic 79 Pelagic 33 Copepods 68 Pelagic 2750 
Tunicates Tunicates Tun i cates 
Hydroids 8 Euphausids 30 Euphausids 6 Copepods 689 
Euphausids 3 Hydroids 26 Caprell i ds 6 Hydroids 268 
S. melanops 
Rockfish 73 Rockfish 39 Euphausids 39 Rockfi sh 3715 
Euphausids 9 Euphausids 21 Megalopae 23 Euphausids 1039 
Octopus 7 Gammarids 17 Rockfish 22 Megalopae 339 
S. atrovi rens 
Rockfish 74 Gammarids 41 Gamma rids 56 Rockfish 2926 
Octopus 13 Rockfish 34 Megalopae 13 Gamma rids 2565 
Brachyurans 6 Isopods 23 Rockfish 12 Megalopae 208 
~. chrysome 1 as 
Rockfi sh 39 Rockfish 41 Rockfish 43 Rockfi sh 3375 
Brachyurans 27 Brachyurans 26 Brachyurans 15 Brachyurans 1107 
Octopus 10 Anomurans 15 Carideans 3 Anomurans 299 
S. carnatus 
Rockfish 89 Rockfish 54 Rock fi sh 60 Rockfi sh 7652 
Ophiuroids 9 Ophiuroi ds 25 Ophiuroids 19 Ophiuroids 686 
Brachyurans 3 Brachyurans 16 Brachyurans 10 Brachyurans 219 
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TABLE 3 
Most important prey categories of the six rockfishes during 
the non-upwelling season, ranked by percent weight, percent 
frequency of occurrence, percent number, and index of rel a-
tive importance. 
PREY %W PREY %F PREY %N PREY IR I 
S. serranoides 
I sopods 65 Isopods 37 Isopods 93 I sopods 5941 
Rockfish 28 Rockfish 12 Rockfish 3 Rockfish 389 
Fish 7 Fish 12 Fish 3 . Fi sh 129 
~. mysti nus I 
Al gae 88 Al gae 25 Fish Scales 43 Al gae 4831 
Carideans 11 Fish Scales 9 Copepods 30 Fish Scales 406 
Cope pods .3 Ca rideans 3 Algae 9 Copepods 193 
~. melanops 
Poly- 84 Poly- 21 Poly- 42 Poly- 2656 
chaetes chaetes chaetes chaetes 
Rockfish 10 Megalopae 21 Megalopae 28 ~1ega 1 opae 629 
Fish 3 Gammarids 11 Gamma rids 5 Rockfish 62 
S. atrovi rens 
Octopus 31 Gammarids 31 Gammarids 43 Gammarids 1542 
Isopods 24 Isopods 26 I sopods 9 Isopods 854 
Brachyurans 17 Carideans 20 Carideans 6 Brachyurans 151 
~. chr~somel as 
Brachyurans 44 Brachyurans 38 Brachyurans 44 Brachyurans 5087 
Octopus 27 Carideans 18 Carideans 23 Carideans 633 
Carideans 12 Octopus 9 Octopus 7 Rockfi sh 318 
S. carnatus 
Rockfish 52 Ophiuroids 32 Fi sh 1 a rvae 74 Rockfish 1495 
Ophiuroids 8 Rockfi sh 26 Ophiuroids 8 Ophiuroids 666 
Ca rideans 9 Carideans 23 Carideans 5 Carideans 351 
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TABLE 4 
Food overlap values (C),) calculated using proportions of IRI values. 
High C), values indicate similarity in the diets of the fishes being 
canpa red. 
UPWELLING SEASON 
'" ~
1/ I 
~ 
'-- f .~ , 0 ~ v,~# 0 '- ~ .~ .~ • .:!>. .'b "'Is... "'/~ "'r "'~~ C2J ~ '? 
s. 
.156 .049 .118 .145 .150 
serranoides 
s. 
.008 .008 .007 .001 .000 
mysti nus 
z 
0 
V) s. c:t: 
w 
.005 .124 .741 .905 .932 V) 
melanops. 
<.!:l 
z 
I--< 
-l 
-l s. w 
3: 
.431 .007 .066 .713 .706 0... 
=> atrov; rens 
I 
z 
0 
z 
s. 
.005 .007 .060 .093 .915 
chrysomelas 
s. 
.055 .0lD .024 .049 .119 
carnatus 
TABLE 5 
Comparison of three morphological characters related to feeding: 
maxillary length, gill raker length, and intestine length. Rock-
fishes are ranked by the size of each character. The bi as intro-
duced by including fishes of different sizes in the sample was 
negated by the use of an anal ys i s of cova ri ance to adjust the 
character dimensions. 
Mean Adjusted Maxillary Lengths 
* P for 
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Rank Spec; es Length (mm) 
40.20 
39.82 
38.76 
37.34 
35.72 
30.67 
Adjacent Ranks 
1 
2 
3 
4 
5 
6 
Rank 
1 
2 
3 
4 
5 
6 
Rank 
1 
2 
3 
4 
5 
6 
s. carnatus 
s. chrysome1as 
S. atrovi rens 
S. mel a nops 
s. serranoides 
s. mysti nus 
Mean Adjusted Gill Raker Lengths 
Speci es 
S. me1a nops 
s. mysti nus 
S. serranoides 
s. at r ov i re ns 
s. carnatus 
s. chrysome1as 
Length (mm) 
11.22 
10.39 
9.97 
9.42 
7.08 
6.51 
Mean Adjusted Intestine Lengths 
Speci es 
S. mysti nus 
S. me1anops 
S. serranoides 
S. atrovi rens 
S. chrysome 1 a s 
S. carnatus 
Length (mm) 
271.27 
217 .09 
209.52 
185.03 
173.46 
154.93 
*p of any two non-adjacent ranks <.01. 
.7 
.1 
.02 
.01 
.001 
* P for 
Adjacent Rank s 
* 
.05 
.5 
.2 
.001 
.2 
P for 
Adjacent Ranks 
.001 
.5 
.02 
.3 
.1 
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TABLE 6 
Correlation between Fat Weight and Liver'Weight 
Speci es n r 
s. serranoides 30 .37 .01 <p<.05 
s. mysti nus 53 .64 p<'Ol 
s. mel anops 36 .89 p<.Ol 
s. atrovi rens 78 .62 p<.Ol 
s. chrysomelas 60 .45 p<.Ol 
s. carnatus 82 .62 p<.Ol 
TABLE 7 
Results of food habits studies conducted by other workers throughout California on the fishes 
examined in this investigation. (No data is available on the feeding habits of ~. melanops.) 
Prey are ranked by the measure of importance employed by each author. 
Author, Date 
Importance Measure 
Location 
Limbaugh 1955 Qua 1 Hat i ve 
La Jolla 
Gotshall et al. 1965 
% Frequency -
Bodega, Monterey, Morro 
Bays, <60 I deep 
Quast 1968 
% Freguency 
S. California 
Larson 1972 
% Frequency 
Santa Barbara 
S. serranoides 
Cru staceans 
Small fish 
Polychaetes 
Shrimp 
Crabs 
S. mystinus 
Algae 
Crustaceans 
Scaphyzoids 
Anchovies 
Crustaceans 
S. atrov; rens 
Small 
Crustaceans 
Squid 
Crabs 
Amphipods 
Crustaceans 
S. chrysomelas 
Crabs 
Shrimp 
Small 
S. carnatus 
Crabs 
Small fish 
Crabs 
Shrimp 
Small 
Mys ids 
Gammarids 
Shrimp 
Polychaetes Crustaceans Crustaceans 
Burge & Schults 1973 Qualitative 
Diablo Cove 
Hobson & Chess 1976 
% Frequency x % Volume 
Santa Catalina Island 
Love & Ebeling 1978 
% Vol ume 
Santa Barbara 
Gammarids 
Mys ids 
Cumaceans 
Fish 
Tunicates 
polychaetes 
Tunicates 
Fish 
Hydroids 
Kelp 
Juvenile 
Rockfish 
Fish 
Mysids 
Carideans 
Gammarids 
Crabs 
Shrimp 
Rockfish 
Fish 
Crabs 
Shrimp 
I 
0'\ 
...... 
I 
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Pescadero Pt. 
Kelp Bed 
Carmel by, the Sea 
C A R M E L 
Mission Pt. 
Kelp Bed ~ 
B A Y 
San Jose Creek 
Kelp Bed ~ 
o lMile 
FIGURE 1 
Location of collecting stations in Cannel Bay. California. 
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FIGURE 2 
Determination of the minimum adequate sanple size for the food habits 
analysis. When the curve reaches the asymptote, the prey population 
is judged to be adequatel y represented. Upwell; ng season (.); non-
upwelli ng season (0). 
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FIGURE 3 
Upwelli n9 season trophic spectrum. The blocks represent percent 
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FIGURE 6 
(A) Seasonal occurrence of juvenile rockfish censused ina Monterey 
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FIGURE 7 
Comparison of the length of the maxillary bone of the six rockfishes by 
multiple linear regression analysis. The slopes of the lines represent 
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FIGURE 8 
Seasonal canparison of standard length of the six rockfishes. Mean 
lengths are represented by dots. Bars designate the range of one 
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FIGURE 9 
Seasonal canparison of fat weight of the six rockfishes. Mean 
weights are represented by dots. Bars designate the range of 
one standard error on either side of the mean. Sample size is 
written at the top of each bar. Non-overlapping standard error 
bars indicate a statistically significant seasonal di fference 
in the populations being canpared. Seasons are November-
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FIGURE 10 
Seasonal canpari son of 1 iver weight of the six rocKfishes. Mean 
weights are represented by dots. Bars designate the range of 
one standard error on either side of the mean. Sample size is 
written at the top of each bar. Non-overlapping standard error 
bars indicate a statistically significant seasonal difference in 
the populations being conpared. Seasons are November-February, 
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FIGURE 11 
Seasonal canparison of female gonad weight of the six rockfishes. 
Mean weights are represented by dots. Bars designate the range of 
one standard error on either side of the mean. Sample size is 
written at the top of each bar. Non-overlappi ng standard error 
bars indicate a statistically significant seasonal difference in 
the populations being canpared. 
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FIGURE 12 
S. serrano ides 
and 
s. mystinus 
Schematic representation of the five bathymetric zones occupied by the 
cannon inshore rockfishes of Cannel Bay. Figure fran Hallacher (1977). 
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APPENDIX A 
Rockfish Collections in Cannel Bay 
c-; 
'" ~ 1/ ~ ...... '" '" s::: (lJ f 0::::1 (lJ .~ s::: o.t.. C .'11 .~ .s::: ~.r-, .'11 "'If: "'if "'I "'i 0 "'h .. v,t (lJ r-, (lJ .t.. .s:::; Date Location '" E:: ~ ;;;' v 
9-16-74 Mission Point .3 2 
9-17 -74 Mission Point 3 1 2 
11-13-74 San Jose Creek 3 3 1 4 
12-11-74 Mission Point 1 4 
1-14-75 Mission Point 1 4 1 2 
1-15-75 Mission Point 10 
1-28-75 San Jose Creek 2 2 6 
1-29-75 Mission Point 8 
1-30-75 San Jose Creek 2 1 
2-11-75 San Jose Creek' 2 4 2 
2-19-75 Mission Point 1 3 1 1 
2-25-75 Mission Point 1 4 4 
2-26-75 Mission Point 1 2 7 
3- 4-75 Mission Point 2 2 3 
3- 5-75 Mi ssion Poi nt 1 3 2 4 
3-10-75 San Jose Creek 1 1 6 
3-17-75 Mission Point 3 2 1 
3-18-75 Mi ssion Poi nt 1 2 5 
3-19-75 Pescadero Poi nt 4 
4- 2-75 Pescadero Point 5 1 
4- 8-75 Pescadero Poi nt 2 4 
4-15-75 Pescadero Point 3 4 
4-22-75 . Pescadero Poi nt 1 5 
4-29-75 . Mi ssion Poi nt 5 1 
5-12-75 Mission Point 2 5 2 
5-13-75 San Jose Creek 3 1 3 1 2 
5-19-75 Mission Point 9 
5-21-75 Mission Point 4 6 
5-27-75 Mission Point 2 8 
5-28-75 Mission Point 1 9 
6- 3-75 Mission Point 1 1 2 1 2 
6-23-75 Mission Point 2 
6-25-75 Mission Point 4 6 
7- 8-75 Pescadero Poi nt 8 
7-10-75 Mission Point 3 3 1 
7-11-75 Mission Point 1 6 3 
7-22-75 . Mission Point 8 
7-23-75 Mission Point 4 
8-20-75 Mission Point 4 1 5 
8-28-75 San Jose Creek 1 3 
5-22-76 Mission Point 1 1 1 4 
7-16-76 Pescadero Poi nt 7 3 
7 -22-76 Mi ssi on Poi nt 2 6 4 
7-29-76 Pescadero Point 2 12 1 
8-17-76 San Jose Creek 1 7 7 
10-27 -76 Mission Point 1 10 1 
12-31-76 San Jose Creek 6 5 2 
TOTALS 27 63 41 80 66 108 
